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(54) Digital mobile telephone which, maintatnssyrtc^ronized operation with a cellular or mobile 

system . t .V:W'^ \ • /.;;./.; "'"^ V:-Y: : . 

(57) A system is disclosed for permitting a- mobile^ '>;.. ... , : , . 

telephone to recover an ongoing communication follow-- , ; 1 / . , v --r 

ing a temporary interruption of operation, &,a/., such as 

.caused by an interruption of power to the mobile tele--' ; \ T " . ; /! Y ' 

phone, which includes circuitry and processor control to " 

-calculate the duration of-the temporary interruption and :nh. . ; - v., v r : r : / 

fbrrestoring synchronization of the mobile telephone to 
the mobile communication system. The circuitry stores *' ■ *;'"" :T 1 
synchronizing information prior to the temporary inter- 
ruption and cycles synchronizing circuitry. of the mobile^, v ,.v - 
telephone at a higher than normal cycling rate to restore ^ f ' t 
synchronization of the mobile telephone witfrthe mobile / ir '■■ 
communication system. In a further embodiment, dr- 
cuitry is disclosed for restoring the output of spread 
code generating circuitry in a spread spectrum digital ^ - - ■ , . «v" 
mobile telephone to a phase used by a transmitting sta- * 
tion of the mobile communication system. In another ' 
embodiment of the disclosed invention, circuitry is dis- 
closed for restoring the output of a time slot generator in . 
a spread spectrum digital mobile telephone to synchro- 
nization with a time slot pattern used by a transmitting 
station of the mobile comrriunicatidn system. 



CM 
< 
CO 

© 

CO 

Q. 
LU 



Best Available Copy 



Primed by Xerox (UK) Business Services 
2.15.7/3.4 



BNSDOCID: <EP 08l7403A2_l,> 



1 



EP 0 817 403 A2 



2 



Description . . ... . - _ 

Field of . the Invention 

The present invention relates to a mobile tele- s 
phone, and more specifically tp a mobile telephone sys- 
tem and method which maintains f synchronized 
operation with a cellular or other mobile communication 
system. ( . 

. - . - - . * io 

Background of the Invention , t 

The~demand for terrestrial communications has 
increased markedly in recent years. To meet the . 
increasing demand, digital cellular mobile comrrnjnica- 15 
tipns systems have been implemented which have 
increased channel capacity. . r ,. r < ; r > C ;»- 

Among many .available digital mobile .communica- 
tions systems, onewhicb has been, implemented widely ^ 
uses, a set of modulation, and r transmission k principles so 
known as spread spectrum transmission., A standard for - 
spread, spectrum fransmissjpn-.has b&erv adopt^d^in 
North America which is knoym- as H the j3^%Piyi§iqn 
Multiple-Access ^andard (^he.QDM^ ^ Stand^dfj.^e 5i 
CDMA Standard defines; = a direct . spread sy^em 25 
whereby communication data is modulated by r multipli- 
cation with a pseudo-random spread cede nt baseband, 
then shifted to ajransmissiorj freq 

brother transmitters which transmit at different phases, c 
i.e., entry points, of the same«pread cpde. i^cordinglo 30 
the CDMA Standard^ rrrobile^^ 
spread spectrum modulated fransmissipr^by^ 
ingthedetectedspreadspectoum^ 
pseydo-random spr^d^codeiatthers^e p^ 
was used to moduiate the^agnal^.Xhe^pread cogle in 35 
CDMA. Standard; communication . systems is aperiodi- 
c^lly repeating, sequence of bits appjpxirjriately 32 kilo- 
bits in length.. In existing CDMA Standard systems, each 
base station transmitter is assigned to modulate outgo^ 
ing communications lor transmission at a particular, dis? 40 
tinguishable phase, i.e., entry point of ^universally used 
spreael cxxJe. tfl ^ ... . v . • e 

A mobile telephopawhich^ operates in, accordance 
with the CDMA ^andaFd demodulates transmissions by y P 
maintaining the phase of a locally generated: spread 45 
code in synchronization with the phase of a spread code 
used by a base station with which, it is in .communica- 
tion. However, existing digital mobile telephones, while 
capable of maintaining synchronization during norma] 
operation, are subject to communication interruptions so 
when the voltage of the .main power source of the 
mobile telephone falls below operational levels. In such 
case, even when the main power source voltage is 
quickly restored again to operationajjevels,, communi- 
cations which are in progress -cannot be resumed ss 
because the spread code phase^of the received trans- 
mission cannot be recovered. A. mobile telephone sys- 
tem is disclosed herein which provides for recovery of 



cxOTmunications .following a temporary interruption of 
operation such .as caused by- failure of a main power 
source voltage of, the mobile telephone. ^ 

An existing spread spectrum digital mobile tele- 
phone wilt now be described, with reference to FIG. 1, to 
illustrate the- problem, overcome by. the present inven- 
tion, in FIG. 1; antenna 1 is used to receive and transmit 
signals between the mobile telephone and one or more 
base stations. Modgjation/demodulation circuit 2 is 
used to demodulate a : received signal from a base. sta- 
tion and to provide.a regenerated data signal therefrom. 
Jvlodulatjon/demodulation circuit 2 is also used to modu- 
late a data signal for transmission , to a base station. 
System time counter 3 is used to acquire and maintain, 
from the regenerated data signal, a local system time 
*courrt to permit synchronization of the mobile telephone 
.with a universal system time count used by the mobile 
comrrujnication system.. The system time count is used 
for timing certain processes, e.g=, requests for system 
access to originate a call through the mobile communi- 
cation, system, and certain operations required to hand 
gy<er a communication [ in ip^rogr©^ tern one base station 
to^another :i when the^mqbile^ stacbpa moves between 
base station transmission zones. System time clock S is 
used to provjde a clock signal Jo . operate system time 
jGOunte/ 3 fpr- maintaining : the locally generated system 
inge.GOunt in synchronization with the universal system 
.time, r;- ,"sv; - ( .-.:;.-'v"; 

f Spread cx^e^^generating^ mparts- .,10, -is ; used .to 
^acquire 'initial spread code phase;synchronizing infor- 
rp^tipn from, the regenerate^didata signal.^and to. locally 
generate a spread code in phase,, synchronization with 
the spread code phases^of received transmissions- The 
locally generated spread gode is output -to modula- 
tion/demodulation circuit 2 for use in modulating and 
demodulating transmissions from one or mpre base sta- 
tions. The spread code phaseclock 1 1 js used to gener- 
ate a clock signal to operate spread code generating 
means 10. . - • 

The conventional prior art digital mobile telephone 
also includes a free running timer, 4 for independently 
maintaining an absolute time count apart from the uni- 
versal system time count used in the mobile communi- 
cation system.r Spare battery 5 powers the free running 
timer 4. Microprocessor 6 receives user input com- 
mands and generates communication control informa- 
tion for originating and receiving communications. Non- 
volatile memory 7 stores information such as the identi- 
fication number of the mobile telephone and subscriber 
telephone numbers for speed-dialing purposes. 

-The operation of the conventional prior art mobile 
telephone will now be described. Upon energizing the 
mobile telephone through a main-power source switch 
(not shown), a transmission signal .from a base station 
of the .mobile communication system is detected, at 
antenna 1. The detected transmission signals are 
demodulated by modulation/demodulation circuit 2, and 
used by the spread code generating means 10 to gen- 
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erate a spread code at the same phases as those of the 
transmission signals. Orie or more transmission signals 
from the "transmitting base station are" used by - the 
mobile telephone to establish ah initial system time for 
initializing system tim£ counter 3. The system tune s 
<' counter 3 is initialized at the same time that the mobile 
telephone unit acquires a spread^code phase to initial- 
ize the spread code generating means Itf 

From' the foregoing described operations of the 
conventional prior art mobile 'telephone, it is, apparent 10 
that in order to maintain the locally generated system 
time count of system time counter 3 in synchronization 
with" the universal system time, the system time clock 8 
must be kept operktiorial and in synchronization with 
the universal system time. In the event that the system is 
time clock 8 is temporarily disabled? tiie locally gener- 
ated system time count and spread code will fall dufof 
-syndironizatiort arid out of phased with the universSal sys- 
tem timeand the spreaid^xxJe phase Qsed by the trans- 
mitting base^ stiation. There - being - no ^recovery 20 
mSch&hism in the conventional prior art mobile tele- 
phone for handling ^ch event, *ariy %nMunicatibn in 
progress cannot- be Vecover^.^eri if sufficflafrtt -power 
• for operating ftie hfebile titephofie is'T^stbreif agaih 
quickly^ - r.srssv " «. ^r:yi rc- : ez:rr.z? -;?•> ^our,m &szd 



25 

Irrthe de&eriptiori of the^fhvienttbifto-fbllow. ^heTsysf- — 
■ tern timfe* bl66k 8 is descrfo^as^bec&ffi 
nono06rafibn^ of jt "difiWikl^wheh' the f mair^^wer 
source voltage of the mobile telephone falls below ope?- 
atidnaMeveir However, the skilled person irvfrte Srt will 30 
urtderSterid-thfe Applicability of the-specrf ically disclosed < ; 
embodiments of the present inventibhf or reestablishing 
• mobile telephone operation following other types df mal- 
functions which tehrporarily ! disable the" operation' of 
system time-Counter 3 or spriead "code generating 35 
meahs 10. f - : ^- ■-- :o; £■ 

■* Accordingly; it is an object bRhe present invention 
to provide a mobile telephoriie unit which maintains a 
communication in progress despite ■ a(h event which 
causes a system time counter or a spread code gener- 40 
ating means-of th£ mobile telephone unit to be tempo- " 
rarily non-operationafc - 

! v Anotiier Object df the present invention is to provide 
a system and method in a mobile telephone for recover* 
ing, after a temporary interruption of operation, a sys- 45 
tern time* count and a 'spread code phase used to 
synchronize mobile telephone operations with the 
mobile communication system. *o't 



Summary of the Invention 



so 



The present invention is. in a mobile telephone hav- 
ing synchronizing means for maintaining synchroniza- 
tion with a mobile communication system, a method and 
a system for restoring synchronization between the ss 
mobile telephone And the mobile communication sys- 
tem after a temporary interruption of operation, com- 
prising; means for calculating the duration of the 



temporary interruption; and means for responsive to the 
temporary interruption duration for restoring synchroni- 
zation of the synchronizing means. 

Thus, system synchronization information can be 
received again even when the system stops working 
due to a voltage drop or a ait off of the power supply. 

These and other objects are provided by the mobile 
telephone and method of the present invention. The 
mobile telephone includes non-volatile storage for stor- 
ing dynamic system operating information including a 
system time count and spread code phase synchroniz- 
ing information just prior to the occurrence of a main 
power source failure which disables operation of the 
mobile telephone. Preferably, the rion-vblatile storage is 
also uSed to store static-system operating information, 
including control channel frequency information and 
other fnfbrmatiori for system operation such as channel 
allocation information. ; - - ; * 

e " in The^mbb1lVtelephone df the presehVirrvehtibh fur- 
ther v inchWfes % high speed syisteftv clock for rabidly 
^clihg the system time couriter basecTorVa calculation 
£f fH&TS^srtibn of 1 the £cwer source failWe. tbnhereby 
ISeriTtfcthe 1 mfifcfile telephone to resyriSnronize with the 
^maSHe 2 c^j¥iimufti&i5on s^tem. A high speed 'spread 
9£de(pNitt£ft^'i&-tt tb rapidly cycle the 

^spread c6de generating means bi§ed on the calculated 
tlljralHoh "ISf 1r\icuri : pGwer sburoe'lailure. ' je ' A 
- We (fresTent inv^ion.^efee VesDIts are acffleved 
C^'-s^IHg^e^di^mtc infoftrotion, indudiri^th'elree 
rurihih^ lifted bou^ count arid the 

^ead^eode - pinkie . syrichr6hizrrig v ji^6rrratic>n v The 
tfSrajSdfiT df^a f^w&^l6re is"<aicuiatSBd by dfefermininQ 
th J 6 t+ differende^Betwe&n 1^ Stored free running timer 
courit 1 aridifte r fr%Vruhnrrijg timer counfat the tirfle that 
pcrwer 4##a^etf *Tffe calculated powef ftrrture duration 
Is liised to *^emiine r a <apSd cyclihgf time foi^rapidly 
cycirr^the : syStem time ^riterwith^a fiigh speed sys- 
tem timef^b^'after^eldfediiig *hg s^tem timer courttef 
with the stdrecl -system' time -count. TVie calculated 
power failure duration is also us^i to rapidly cycle the 
Spread <>bcfe phase generating mekhs to a spread- code 
phase after reloadihgtfie stored spread code phase 
synchronizing information. In this manner, after a tem- 
porary power failtte or other temporary interruption of 
operation during -a oorhmunieatibn iV in progress," the 
mobile telephone raplidly recovers %yhchronization with 
the universal system time and the spread code phase of 
the tranfefhittirig base statibn^uch'that the communfca- 
tion in progress is fcilly restored Without requirihg the 
communication to be reestablished anew. 

Brief Description of the Drawings ^ : : 1 3 

RG^ ; 1 block r and schematic diagram of a prior 
art digitarmobile'tefephone. ^ ' r 

FIG. 2 is a bfock-and schematic diagram of a digital 
mobile telephone constructed in accordance with a first 
embodiment of the : pr§senf invention. : : K ? - 
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FIG. 3 illustrates operations performed by, the dig- 
ital mobHe telephone shown in RIG. 2., . r - 

FIG. 4 is a block and schematic diagram of a digital 
mobile telephone constructed in accordance with a sec- 
ond embodiment of the present invention. - 

Detailed Description of the Preferred Embodiments 

~ ; lathe following, specific examples of the mobile tel- 
ephone and method of the present invention -will be 
described, with reference to the above described .draw- 
ings. - ' • . 

FIG. 2 is a block and schematic diagram*)! a.mobile 
telephone constructed- in accordance^ with a- first 
embodiment of the present invention for providing digital 
mobile communications- according to the CDMA Stand- 
ard adopted forNorth America. As shown Jn FIG. 2r«ref- 
er.ence , numerals 1 through 8, and 1 0 through ~1 1 
indicate the same features as . those: shown and 
.described: with reference to the conventional prior art 
mobile telephone of * FIG. 1. .Therefore, those features 
need -not.be described in;anyj1urthsr detail Kece^The 
.mobile telephone of FIG.; 2 includes ivgft-.speed^ysiem 
lime clock 9:used to geheratea tiighspeedciock signal 
for operating system time counter;3 at high-speed. .The 
mobile telephone of FIG. 2 further includes -iijgh speed 
spread code phase clock 12 used to generate a clock 
signal for operating spread code generating meahg'JO 
at high speed. — 
: The operations of the digital .mobile- telephone *of 
FIG. 2' following, a temporary disablingrloss of power 
from a main power sourcerwill now be described, with 
reference to the flowchart oloperations of:;FiGr3. As 
shown, in FIG.3, once, the mobile- telephone /begins 
operating, in step 201; -a check) is, made by the micro- 
processor to determine if the main power source volt- 
age-lies below ,-a .predetermined threshold value (step 
203). If the main power source voltage does not lie 
below the threshold, as shown by the "No" decision 
arrow; the operation of the mobile telephone continues 
as normal, and checks are made again at predeter- 
mined intervals thereafter, both during, and between 
communications in progress, to determine if the main 
power source voltage has fallen below the predeter- 
mined threshold value. > 

If the main power source voltage has fallen below 
the predetermined threshold value, the microprocessor 
6 stores the current dynamic communication informa- 
tion, which includes the current system time count of the 
* system time counter 3, current spread code phase syn- 
chronizing information output by spread code generat- 
ing means 1 0rand the current absolute time count of 
the free-running timer 4 (step; 205). . In step 207, the 
microprocessor's also stores, in the non-volatile mem- 
ory 7, the current static communication information 
(e.g., channel number and contfol channel information) 
which are acquired by thesmobile telephone in opera- 
tion. The microprocessor 6 also sets a status flag, in 



step 209* to indicate that the main power source voltage 
has fallen below threshold. 

Next, the occurrence of a mairr power source failure 
and its subsequent restoration is indicated in FIG. 3 by 
5 reference numeral 21 1 . Thereafter, in step 213, when- 
ever the voltage of the main power source is brought up 
to an operational level; the microprocessor 6 checks to 
determine if the status flag for the mobile telephone has 
been set. If -the status flag has not been set, the micro- 
io ^processor determines that the mobile telephone has 
been powered on from an initial switched off condition, 
and commences ordinary start-up operations following 
the power-on, thus resuming operation (step 215) from 
4he beginning, as in stepr201. -~ 
is However, if after power to the mobile telephone is 
-restored, the microprocessor determines that the status 
'flag has beten -set- '(in step 213), the' microprocessor 6 
determines that an abnormal power interruption has 
. occurred. The microprocessor then performs operations 
20 * to restore mobile telephone operation, which includes 
- restoring any communication ,which is. in progress.- In 
• {Step;21:7, the microprocessors calculates a time dura- 
Lotion for switching the i operations' of the system time 
iri c cbunter 3 and the spread code phase g enerating:means 
25 • rjljOtatherhighispeed clocks 9 and it2, :The^microproces- 
b sor determines that time duration by determining the dif- 
ference between tbeabsolute time^count of ihe free- 
.running^imer 4 stored iust prior to the power failure to 
. ^ r the current absolute time counfcof the free running-timer 
30 " 4: Using the calculated duration of power-interruption, 
cthe 'microprocessor 6 calculates, in:stepv21 7/ the rapid 
t : cycling timerduratkin^ to. rapidly /cycleUhe system time 
counter 3 andihe spread code phasegenerating means 
i : :A 0 using- the high, speed clocks .9 and CT2- The micro- 
35 processor 6 calculates the rapid cycling time duration in 
accordance with the relative differences between the 
speed of the high speed clocks 9 and 1 2-and the speeds 
of the system time clock 8 and thesspread code phase 
clock 11, respectively. >: v r .*• 

40 Finally, using the calculated rapid cycling time dura- 
tion, the microprocessor 6 calculates a 'restoration-time 
count for the free-running timer 4, which signifies the 
time at which operation of the system time counter 3 
; and' the spread code phase 'generating means 10 
45 . should be switched back to the normal system time 
. clock 8 and spread code phase clock 1 1 , respectively. In 
step 21 9; the stored system time count and spread code 
phase synchronization information are reloaded into the 
system time counter 3 and spread code generating 
so means 10 and the microprocessor causes the input 
clock signals of the system time counter 3 and the 
" Spread code generating means- 10 to be switched to the 
high speed system clock 9 and high speed spread code 
phase clock 12; respectively. 
55 ; While the system time counter 3 and the spread 
code generating means 10 have been switched over to 
the high speed clocks 9 and 12, the microprocessor 
checks the time count of the free running timer 4 to 
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determine if the calculated restoration time count for 

. switching operations back to the clocks used in normal 
operation has been reached (step 221). If the restora- 

. tion time count has not been reachedr the microproces- 
sor continues to wait until such time, asjndicated by tfie 5 
"No** arrow at step 221 .■ However, if Jhe calculated time 

, has been reached, the microprocessor causes the slock 
inputs of the.system time counter 3 and th^ spread -code 
phase generating means 10 . to be switched back to the 
system time clock 8 and the spreacLcpet& phase clock w 

. 11 which are used in normal operation. Normal opera- 
tion of the mobile telephone-jhen resumes (step 225), 
which includes the resumption of a oomrnunicationsin 
progress, so. long as a subscriber pn the distant, oeeeiv- 
ing end of the communication: has not acted ^0 ^termi- 
nate the communication; or /the mobile communication 

• system has not otherwise terminate^ the t communica- 
m1 tion e.g.,,by timing out after the4$rr^r^i7jnternuptiopHn 

communication signal ; '.-*;£ ± •,, ?< - :i .t 
FIG. 4 is a block and schematic diagram ota digital 
v mobile telephone; constructed; according to~;ar .further 
embodiment of the* present Invention for us^iri a-^fre- 
■quency hopping": spread spectrum^. transmiggi6a: sys- 
^ tern, such as hasvbeen ;dmplemerrt^wimeseveral 
; rEurcpearrcouritrtes:'1n FIG. 4, time slot genetetfiwuliS-iS 
usecLto generate 'arKl rnaintainicurjentinfprnH^art tiep- ^ 
resenting:at>frequ?ncyi,hopping- pattern including time 
- sldtsrfbf-iransmission eat particular frequencies: vTirne 
/.slot clock 14 is used to provide-a clock signal input to Claims 
time, slot generator t 13 l for>generating the current -time 
slot information. High speed time slot dock 15 provides 
0 a^high speed clock signahto time slot generator 13 for 
v updating,' -ihe current frequency hopping pattern and 
time slot following the restoration of operation after a 
power interruption or. other rtemporary interruption of 
-operation;. : t . >• : \ v ; $ 

In this embodiment .of the present invention, in a 
rsimilar manner to the operations of the CDMA digital 

* mobile telephone shown- and described in the foregoing 
with reference to FIGS. 2-3, the current dynamic infor- 

-mation including the current -time slot synchronizing 
information output by the time slot generator 13, and the 
absolute time count output by the free running timer 4, 

, are stored in the nonvolatile memory when the voltage 
of the. main power source falls below a predetermined 
threshold level (step 2Q5). When the main power source 
voltage is restored after an abnormal interruption, the 
microprocessor calculates a rapid cycling time duration 
for switching the clock input of the time slot generator 1 3 
to the clock signal provided by the high speed time slot 
clock 15 (step 217). The rapid cycling time duration is 
used by the microprocessor 6 to calculate time count-of 
the free running timer 4 at which the clock signal input to 
the time slot generator 13 is to be switched back to the 
time slot clock 14 used in normal operation. . 55 
In a similar manner as performed by the digital 

. mobile telephone of the first embodiment of the present 3. 
invention, the microprocessor 6 reloads the time .slot 



generator 13 with the stored time slot synchronizing 
. information and switches the . clock signal input "of the 
time slot generator 13 to the high speed clock 15 (step 
219)oThe rapid cycling continues until the microproces- 
sor-determines if the restoration time count of the free 
running timer 4 has been reached (step 221). N - 

When the restoration time count has been reached, 
the microprocessor 6^switches the clock signal input of 
the time slot generator 13 back to the time slot clock 14 
used in normal operation (step 223), and the mobile tel- 
ephone resumes normal operations' (step 225). Since 
the time slot, i.e. frequency hopping pattern information 
required for resuming a communication in progress is 
restored after the restoration of power. and mobile tele- 
phone operations, any communication which is . cur- 
rently; in progress from the mobile telephone isvestorod, 
provided that the subscriber at the distant end has not 
terminated the communication or the mobile communi- 
cation system has not otherwise terminated the com- 
municatidn such as by timing out. j<- . , 
.*?•' . White" the invention has ^eerr* described in detail 
^etftftf in accordance with certain preferred* embodi- 
faarienteetheceioi-mahy modifications and changes therein 
♦ Ti^be^effectesJ by^hose skilled in the art . Accordingly, 
'^jfeantended b>fethe appended claimsrto .cover all such 
s modrfieations^nd changes as fall within the true spirit 
randiscope^ofttbe invention. 
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in asrBObiletefephone having synchronizing means 
*fox;n«rrtaming;synchronizatiorKw^h a .mobile com- 
rnunication-system, ^system for restoring synchro- 
nrzaficm between., said mobile . telephone -and said 
k- mobile <cx>mrruxnication system after a temporary 
interruption^ operatton.dcomprising:. 1 ■• 
-ciuc^ r-nr r - ■ t - - . 

~ /^neanS for calculating the duration of said tem- 
. i c porarycinterruption; « * t» 

and 5 \ t , v ^ 

- means ^esponsive-io. said- calculated duration 
for restoring synchronization of. said ^synchro- 
1. nizing. means; 

The system of. Claim 1 therein said means for cal- 
culating includes: : ■ ■ : rj . : ; 

means for generatingr.a time count during said 
temporary-interruption;. and . 
computing means- for acquiring and storing an 
onset time count at an onset of said temporary 
interruption, determining .an end^tirae count: at 
. an end; of said) temporary interruption, and 
determining said duration .from said onset time 
. count andisaid end time count: c . 
■' - ;.tr:>r\:i rr---: *:,;v . , f -. - 
-The system of 5 Claim 1 wherein ^aid means for 
restoring ^synchronization includes -. means for 
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acquiring and storing synchronizing information for ~~ .. 
said synchronizing means prior to said temporary 
interruption. 

4. The system of Claim 3 wherein said synchronizing s 
means is responsive in norma! pperation to a nor- 
mal cycling rate and wherein said means for restor- 
ing synchronization includes; . . 

"means for transferring said stored synchroniz- 10 , 
ing information to said synchronizing means; 
and 

means for cycling said synchronizing means at 
a higher rate than,said normal cycling rate. 

' * \ " 15 

5. The system of Claim . 1 wherein said temporary 
interruption of operation comprises ah interruption 

_ of, power from a main, power source of said mobile 
telephone^ , _ " \ . * , , / . ... 

6. In a spread spectrum digital mobile telephone hav- 10. 
ing spread code generating means for locally gen- 

, fitting a spread, code at . jl 3 phas^ % ipejd ^pr I ; , ^ 
communication by said .transm^tfpg Ration* and 
modulation/demodulation means for modulating 
Z and .demodulating communication .siqnais to and 
from said transmitting station using said locally gen- 
erated spread* code at saidVphase. a ,syst$m for 
I . recovering, ah. ongoing communication aft^a tem- 
. * porary interruption of pbjMar. to sajtik mobile, tele- 
phone, corrprisihg:., V, /- - r v 

means for calculating the duration of said tem- 
porary interruption; 

phase restoring me^^respon^ive to said cal- 
. culated duration for restoring the output of said 
spread code generating means to said phase, 
such \. Vnat ./said., modulation/demodulation 
means thereafter modulates and demodulates . 11. 
"\ said communication signals at said phase. 

i. The system of Claim 6 wherein said mobile tele- 
phone further includes system timer means for 
maintaining synchronization with a.transmitting sta- 
' tion of said mobile communication system, ^nd said 
, system further includes, means for restoring syn- 
chronization of. said system timer means based on 
said calculated duration. . 5 c 

8l the' system of Claim 6 wherein said means for cal- so 
culating includes 



means for generating a time count. during said 
temporary interruption; and 

. computing means for acquiring.and storing an 55 
onset time count at an onset pf said temporary 
interruption, determining an end. time count at. 
an end of said temporary interruption, and 
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45 



determining said duration from said onset time 
count and said end time count. . 

The system of Claim 6 wherein said spread code 
generator means is responsive in normal operation 
to a normal cycling rate and wherein said phase 
restoring means further includes: 

means for acquiring and: storing synchronizing 
, ^Jnformation for said spread code generating 

* means prior to said temporary interruption; 
means for . transferring' said stored synchroniz- 

. ing information to said spread code generating 
means after said temporary interruption; and 
means for cycling said spread code generating 
means at a higher rate than said normal cycling 
rate such that the output of said spread code 
generating means.. is restored r to said phase 
. after said temporary interruption. c 

The system of Claim 7 wherein said system timer 
means is.responsive in normal operation to a nor- 
mal cycling rate and ^ereiniS^drneans for restor- 
ing sysnchrppization-fu* ; 

V.'.V -m^niforva^uiring and.storing synchronizing 
.^ij^rmation.for.sa^l system timej means prior 

to'satd^emporary interruption; f -~ 
. ^'m^ans for ^nsferring said stored synchroniz- 
. , ing information to . said rsystem timer means 
.' - i0 after said temporary interruption; and 
. T ' means for cycling said, system timer means at a 
higher rate thgn s$id normal cycling rate such 
that the output of said* system timer means is 
restored tq synchronization with, said mobile 
communication- system, after, said temporary 
xj interruption. , s _.-V : . : ;- \ 

In a spread spectrum digital mobiie telephone hav- 
ing time slot generator means fbjr locally generating 
a time slot pattern in synchronization with a trans- 
mitting station time slot pattern used by a transmit- 
ting station of a mobile communication system, and 
modulation/demodulation means for modulating 
and, demodulating communication signals to and 
from said transmitting station using said locally gen- 
erated time slot pattern, a system for recovering an 
ongoing communication after a temporary interrup- 
tion of power, comprising: 



means for calculating the duration of said tem- 
porary interruption; 
and 

means responsive to said calculated duration 
for restoring the output of said time slot gener- 
. ator means in synchronization with said trans- 
mitting station time slot pattern, such that said 
modulation/demodulation means thereafter 
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modulates and demodulates said communica- 
tor! signals in synchronization with said trans- 
mitting station time slot pattern, thereby 
recovering said ongoing communication. 

The system of Claim i t wherein said meains for cal- 
culating includes 



75 



20 



means for generating a time count during said 
temporary interruption; and v ' io 
computing means for aoquiring and storing an 
onset time count at an onset of said temporary 
- interruption; determining an "end tirhe count at 

ah end of said temporary interruption, and 
determining said duration from said onset time 
■ ^ count and said end time count. 

13. the system of Claim 1 1 wherein said time slot gen- 
erator means' is" responsive in riormaf operation to a 
normal cycHhg rate arid wherein said 1 means for 
restoring includes: 

; A : rrieans for kxjufiriB^and ^brrngiyncWSnizing 
infdrrnatioh-for &$?\im& ^bt ! gehenalor means 
prior fe*^ld temporary Wefrupttorfi ' ^ 
means for transferring said stored synchroniz- 
c * ■ : ing fnformatiori to f sa!8^ time^sfdt '"generator 
.-J means 5 aft&r said fehipbrary ihtferfufSion; and 
means tor cycling 1 saicf'time Siot^generator 
■ XK - ; means at a higher rSte than isaid normal cycling 
-rate, such that the Output of sakl time slot gen- 
erato? c means ? Is'rekore^ to- synchronization 
with said mobile^ cb^mmuhicaitibn System after 
" ' saicf temporary interru|Sti6ri'. r * ^ ■* u 



determining said duration from said onset time 
"\ count and said end time'count. 

16. The method of Claim 1 4 wherein said step of restor- 
ing synchronization includes acquiring and storing 
synchronizing information ^for said "synchronizing 
nitons prior to Said temporary interruption. 

17. The method of Cidim 16 wherein said synchroniz- 
ing means is responsive in normal operation to a 
normal cycling rate and'wherein said step of restor- 
ing synchronization farther includes 1 1 

^ fran^ferring said stored ^nchrbniizing informa- " 
° tid'n ^o said synchronising means; and 

cycling said synchronizing means at a higher 
rate 1 than said norma 



tar 



The method of Claim 14 wherein" saTtf le'mporary 
interruption of operation comprises "an interruption 
of power from a main power source of said mobile 
felephoH^/ : : ' ' " ' * ' ' ; 



25 



30 



^r^d;spFectrum digital mobife telephbhe hav- 
or ^ ifi^^S'e^ i c^e gener^tiiig meiains fof local^ gen- 
^ ^ e^atfflgja ^jSr^d code' at a phase used for 
°V^^.!n^"^^ , f' 1 ?y said transmrttihg statfqnT and 
: ^ mckito for modulating 

"il! .A" 3 aeT ??^^ , ?2r i & ^^mmunicaliori' signals to and 
^ ^ from &itftr^OTitting station using said locally gen- 
eratecf spriad co&£ at Wd 'phasje. a method for 
recovering an ongoing communication after a 1 tem- 
porary intjerruption A of power to said mobile tele- 
phone! i^rrprisirfg th^ sfeps bf: 



35 



-14. * In a mobile telephone having synchronising means 
- for maintaining syni^roriizatibh : with a mobile com- 
munication system, a method fcf restoring synchro- 
nization between said mobile telephone and said 
mobile communication system after a temporary 40 
interruption of operation, torhprising the steps! of: 1 - 



; calculating the duration of said temporary lnter- 
V; <ruption;and ' 

* 4 restoring synchronization of said synchronizing 45 
2 means based on said calculated deration. 

*, ' . 7 " T . . 1.. V 

1 5. The method of Claim 14 wherein said step of calcu- 
lating' includes : 1 - < 

50 

generating a time count during said temporary 
interruption; 

detecting an onset r of said temporary interrup- 
tion; 

acquiring and storing- ah onset time count at ss 
said onset; 

determining an end time count at an end of 
. r", gajd temporary interruption; and ■ - 



calculating th'e : ddration r of said temporary inter- 
nation; ; ' / c ^ Ur " 
I, ! " c resttJrfnglhe output pf Said spread cpde gener- 
''^ati^meahs tfiHsaid phase fctesexf on said cal- 
oaiatetl" di^atioh, : " such ^ that said 
• :j, m(^ufetfon/dem^uiation means thereafter 
modulates and demodulates said commynica- 
:: v fibn signals' at said phas^. ' : ~' 

7X5: The ftethbd of (Maim 19 wherein said mobile tele- 
' phone -further includes system timer rheans for 
maintaining synchronization with a transmitting sta- 
' tion of feaid mobile communic^tioh system, and said 
method further includes the'step of restoririg syn- 
chronization of said system timer means based on 
said calculated duration; 

21 . The method of Claim 1 9 wherein said step of calcu- 
lating includes: ' " * ; ^ 

- generating V time count during ssiid temporary 
Interruptiori; ; "[ ■ * 
defying ah onset ! of said tertporary interrup- 
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tion; 

acquiring and storing an onset time count at 
said onset; 

determining an end time count at an end of 
said temporary interruption; and 
determining said duration from said onset time 
count and said end time count. 



station time slot pattern based on said calcu- 
lated,, duration, such, that . said modula- 
tion/demodulation means thereafter modulates 
and demodulates said communication signals 
in synchronization with said transmitting station 
time slot pattern, thereby recovering said ongo- 
ing communication. 



22. The method of Claim 19 wherein said spread code 
generator means is responsive in normal operation 
to a normal cycling rate and wherein said step of 
restoring said output includes: 

acquiring and storing synchronizing informa- 
tion for said spread code generating means 
prior to said temporary interruption; 
transferring said stored synchronizing informa- 
tion to said spread code generating means 
after said temporary interruption; and 
cycling said spread code generating means at 
a higher rate than said normal cycling rate such 
that the output of said spread code generating 
means is restored to said phase after said tem- 
porary interruption. 

23. The method of Claim 20 wherein said system timer 
means is responsive in normal operation to a nor- 
mal cycling rate and wherein said step of restoring 
synchronization includes: 

acquiring and storing synchronizing informa- 
tion for said system timer means prior to said 
temporary interruption; 

transferring said stored synchronizing informa- 
tion to said system timer means after said tem- 
porary interruption; and 
cycling said system timer means at a higher 
rate than said normal cycling rate, such that the 
output of said system timer means is restored 
to synchronization with said mobile communi- 
cation system after said temporary interruption. 

24. In a spread spectrum digital mobile telephone hav- 
ing tme slot generator means for locally generating 
a time slot pattern in synchronization with a trans- 
mitting station time slot pattern used by a transmit- 
ting station of a mobile communication system, and 
modulation/demodulation means for modulating 
and demodulating communication signals to and 
from said transmitting station using said locally gen- 
erated time slot pattern, a method for recovering an 
ongoing communication after a temporary interrup- 
tion of power, comprising the steps of: 

calculating the duration of said temporary inter- 
ruption; and 

restoring the output of said time slot generator 
means in synchronization with said transmitting 



25. The method of Claim 24 wherein said step of calcu- 
10 lating includes: 

generating a time count during said temporary 
interruption; 

detecting an onset of said temporary interrup- 
ts tion; 

acquiring and storing an onset time count at 
said onset; 

determining an end time count at an end of 
said temporary interruption; and 
20 determining said duration from said onset time 

count and said end time count. 

26. The method of Claim 24 wherein said time slot gen- 
erator means is responsive in normal operation to a 

25 normal cycling rate and wherein said step of restor- 
ing said output includes: 

acquiring and storing synchronizing informa- 
tion for said time slot generator means prior to 
30 said temporary interruption; 

transferring said stored synchronizing informa- 
tion to said time slot generator means alter said 
temporary interruption; and 
cycling said time slot generator means at a 
35 higher rate than said normal cycling rate, such 

that the output of said time slot generator 
means is restored to synchronization with said 
mobile communication system after said tem- 
porary interruption. 

40 

27. In a mobile telephone having synchronizing means 
for maintaining synchronization with a mobile com- 
munication system, a system for restoring synchro- 
nization between said mobile telephone and said 

45 mobile communication system after a temporary 
interruption of operation, comprising; 

means for calculating the duration of said tem- 
porary interruption; and 
so means for responsive to the duration of said 

temporary interruption for restoring synchroni- 
zation of said synchronizing means; wherein 
said means for calculation comprises nonvola- 
tile memory means for storing information relat- 
55 ing to the calculated interruption duration. 

28. The system of Claim 27 wherein a power supply 
driving the system comprises: 
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a first power supply for driving said means lor 
calculation; and a second power supply for 
driving the other power supplies; " : ; 
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